Lake Eyre is the terminal playa in a large closed basin which receives the majority of its moisture from the summer monsoon. Modern Lake Eyre receives intermittent floodings at times of increased monsoon intensity, generally associated with the La Nin ‹ a phase of the ENSO cycle. Lake Eyre was a perennial lake during several phases of increased monsoon activity during the late Quaternary, specifically about 125 ka, 80 ka, 65 ka, and 40 ka [Magee (1997) Late Quaternary Environments and Palaeohydrology of Lake Eyre, Arid Central Australia. Unpubl. Ph.D. Thesis, Australian National University, Canberra]. These lake highstands are reflected by elevated shorelines mapped around Lake Eyre and, to a lesser degree, around the Frome^Gregory system to the southeast of Lake Eyre. Comprehensive research in the Lake Eyre catchment over the last several decades has constrained the ages and elevations of these shoreline deposits, which now enable us to use digital elevation models to map these paleo-lakes. By incrementally filling each lake meter by meter, the areas and volumes of the paleo-lakes are calculated and the paleohydrologic processes, including the flow direction across spillovers, are reconstructed. At the peak 125-ka highstand, Lake Eyre stood at +10 m Australian Height Datum (AHD) and covered nearly 35 000 km 2 , more than three times the area of the current playa. Together with the Frome^Gregory system, it held 430 km 3 of water. By contrast, the deepest historic filling held 30 km 3 . These lake levels represent climatic conditions very different from the modern situation. Due to discontinuous preservation of the shoreline deposits around the lakes and due to the scale of the lake systems, mapping the former levels of Lake Eyre and the Frome^Gregory system has been impossible prior to the availability of a digital elevation model. Paramatizing the area/volume relationships of water required to fill the lake to varying levels will provide data for quantification of climate and precipitation changes over time. ß
Introduction
The Lake Eyre catchment (1.2U10 6 km 2 ) is an extremely large internally draining catchment covering about one-sixth of the Australian continent ( Fig. 1) . The terminal playas of the catchment, Lakes Eyre, Gregory, Blanche, Callabonna and Frome, extend in a chain around the northern margin of the Flinders Ranges (Fig. 1) . Historically, this chain plus Lake Torrens southwest of Lake Eyre, formed the so-called 'Horseshoe Lake' which was believed to bar northward progress by explorers who were making the ¢rst trans-continental crossings and seeking the mythical 'Inland Sea' (Kotwicki, 1986) . Eventually, exploration resolved the 'Horseshoe Lake' into a number of discrete playa lakes and the large inland sea sought by early explorers proved to be a myth. However, the stratigraphic record indicates that an enlarged perennial Quaternary lake incorporated all of the playas, except Lake Torrens, and resembled the dimensions of the 'Horseshoe Lake'. Modern Lake Eyre, the largest lake in Australia (V10 000 km 2 ), is an ephemerally £ooded playa Fig. 1 . Map displaying the Lake Eyre catchment (1.2U10 6 km 2 ), covering roughly a sixth of the Australian continent. The modern playas, Lake Eyre North (LEN), Lake Eyre South (LES), Lake Gregory (LG), Lake Blanche (LB), Lake Callabonna (LC), and Lake Frome (LF) are shown in black. The major tributaries in the catchments, the Neales River (NR), the Macumba River (MR), the Diamantina River (DR), Cooper Creek (CC), and Sturt Creek (SC) are symbolized by the gray lines £owing into the playas. Other places shown are the Warrawoocara channel (Wc), the Kopperamanna £oodout (Kf), Innamincka (In), Lake Torrens (LT), and the Flinders Ranges (FR). The Lake Frome catchment (1.3U10 5 km 2 ), a sub-catchment of the Lake Eyre catchment, is separated from the primary Lake Eyre catchment by the black line within the white, semi-transparent polygon.
with a 50-cm-thick salt crust. At irregular, approximately decadal, intervals the playa is signi¢-cantly £ooded, usually due to enhanced Australian summer monsoon activity associated with La Nin ‹ a phases of the ENSO cycle. Within the last ¢fty years there have been several major £oods, with 1950, 1974, 1984 and 1989 being the most notable (Allan, 1985; Kotwicki, 1986; Kotwicki and Allan, 1998) . The Cooper, Diamantina, Macumba and Neales rivers are the primary £uvial systems in the Lake Eyre catchment (Magee et al., 1995) . Mean annual runo¡ in the Lake Eyre catchment is an estimated 4 km 3 (Kotwicki and Isdale, 1991) . Most of the water (60%) is delivered by the Diamantina River; 15% is brought to Lake Eyre by the Cooper Creek. The Macumba, Neales and other rivers contribute the remainder of the runo¡ (Nanson et al., 1998) .
A complex drainage relationship exists between Lake Eyre and the other playas in the 'Horseshoe' chain, which occur in the Frome^Gregory subbasin and have signi¢cant local catchments in the Flinders Ranges. These ephemeral lakes are also fed by the Strzelecki Creek which receives signi¢cant water from the Cooper Creek at Innamincka during high £ood events. The Strzelecki Creek £ows to Lake Blanche, which over£ows north to Lake Gregory and south to Lake Callabonna with the latter over£owing to Lake Frome (see Fig. 1 for locations) . However, the absolute and relative levels of the basins and the connecting channels and sills in this chain are poorly known. In the 1974 £ood, Lake Blanche over£owed signi¢cantly to Lake Callabonna and perhaps to some extent to Lake Gregory (Kotwicki, 1986) , but the occurrence of over£ow to Lake Frome was debated by local and other opinions. The possibility that Lake Gregory could over£ow north, into Cooper Creek in the vicinity of the Kopperamanna Floodout near the Birdsville Track, was suggested by Kotwicki (1986) , who gave no indication of what level in Lake Gregory was required, other than that it did not happen in 1974. Nanson et al. (1998) investigated this region and identi¢ed a connecting channel, which they named the Warrawoocara over£ow channel, with a spot height of 13^15 m Australian Height Datum (AHD) on a section of the channel £oor.
However, the sill level controlling over£ow from Lake Gregory was not determined.
Lake Eyre contains the lowest points on the Australian continent, some lower than 315 m AHD. In 1974, the lake ¢lled to a level of 39.5 m AHD, the highest in recorded history. However, outside the margins of the present playa are older higher shorelines which re£ect prior highstands, during wetter phases of the Quaternary. Four prominent shorelines have been recognized around Lake Eyre: at 310 m AHD exists a 40-ka shoreline, at 33.5 m is a 65-ka shoreline ; an 80-ka (late Stage 5) shoreline has been recognized at +5 m AHD; and a 125-ka (Stage 5e) shoreline is noted at +10 m AHD (Magee et al., 1995; Magee, 1997; Magee and Miller, 1998; Nanson et al., 1998) . These high shorelines and lacustrine features are well-preserved and readily studied and mapped by traditional methods on the upwind margins south and, to a lesser degree, west of the lake. However, on the downwind eastern and northern margins the ancient shorelines and lake£oor terraces are largely obscured, covered or reworked by a combination of groundwater controlled de£ation and extensive deposition of transverse shore-marginal lunette dunes and longitudinal desert dune¢elds. Thus, stratigraphic and mapping methodology cannot constrain the dimensions of the enlarged paleo-lake phases and thereby do not allow quantitative reconstructions of paleo-runo¡ and paleo-precipitation.
High shorelines have been less well studied around other playas in the 'Horseshoe' chain. Other than Holocene shorelines close to playa level, one elevated shoreline deposit, at about 18^20 m AHD, has been noted around Lake Frome and the connecting lakes to its north (Callen, 1981) . Though as yet poorly dated, it is believed that this shoreline represents a high-lake phase coeval with the shoreline deposit at +10 m AHD around Lake Eyre. As at Lake Eyre, shorelines on the downwind margins of these other playas are also masked by post-lake-phase aeolian processes.
The modern ephemerally-£ooded playas were excavated into the previous lacustrine sediments by a major groundwater-controlled sediment-de-£ation event at about 50^60 ka, after the earlier high-lake events (Magee et al., 1995; Magee and Miller, 1998) . Detailed bathymetric pro¢les of Lake Eyre obtained during the 1974 ephemeral ¢lling have allowed a reconstruction of the area/ volume relationship of that playa basin (Bye et al., 1978; Kotwicki, 1986) . However, outside the playa, the dramatic change in the morphology of the lake basin and the complete lack of shoreline de¢nition on the downwind margins of the lake, preclude extrapolation of these modeled hydrologic relationships to the Quaternary lacustrine record. Even the modern hydrological parameters for the other playas in the 'Horseshoe' chain are poorly understood as detailed contour information for the playas are not available.
This study uses Geographic Information System (GIS) techniques to extend the existing hydrological modeling for modern Lake Eyre to paleohydrological modeling of Quaternary lacustrine events in the Lake Eyre catchment. A Digital Elevation Model (DEM) was used to virtually ¢ll Lake Eyre to levels of historic and prehistoric £oods of the modern Lake Eyre playa for comparison with previous model results. The DEM was also used to virtually ¢ll Lake Eyre and the Frome^Gregory system to their previous highstand levels at Stage 5e, Stage 5a, and Stage 3 and to calculate the area and volume of these lakes. Also, Lake Eyre and the Frome^Gregory system were ¢lled meter-by-meter to detect spillover elevations and to understand local topography and hydrology, particularly for the poorly constrained latter system. This research is one of the ¢rst attempts to use a geographic information system to estimate area and volume of paleo-lakes. The monsoon catchment of the lake is large and complex with its e⁄ciency dependent on a dynamic interaction of precipitation, vegetation type, soil type, evaporation, which need to be assessed prior to understanding catchment-scale response to climate change. By quantifying the volume and surface area relationship of the paleo-lakes, this research was the ¢rst step in understanding the regional response to climatic shifts primarily driven by changes in the Australian monsoon over the last 125 000 years.
Methods

Data description
Four 9-sec DEMs (Oodnadatta, Tarcoola, Broken Hill, Cooper Creek from Geoscience Australia (Copyrightz Commonwealth of Australia, Geoscience Australia. All rights reserved. Reproduced by permission of the Chief Executive O⁄-cer, Geoscience Australia, Canberra, ACT)) were used in this study. These DEMs cover Lakes Eyre, Gregory, Blanche, Callabonna and Frome. The major rivers feeding these lakes are also represented. The grid cell resolution of the DEM is roughly 250 m in the studied area and the vertical precision was set to centimeter scale in this analysis.
The centimeter resolution is only used to provide smoothness for map display and is not considered accurate. The vertical root mean square error is estimated to be between 7.5 m and 20 m depending on slope (Geoscience Australia). Because Lake Eyre has so little relief, the original data were at the higher end of this error spectrum. A process described in Section 2.2 of this article was used to repair the DEM and to decrease error.
Source data for the DEMs consist of spot heights from 1:250K topographic maps, spot heights from 1:100K topographic maps, linear drainage features, coastlines and coastal inlets, and radar altimeter point data for Lake Eyre.
The DEMs were seamlessly connected in the GIS forming one large map which had a geographic projection in decimal degrees. Grid cells deemed unnecessary for the reconstruction of the paleo-lakes were then trimmed to reduce the ¢le size. The smaller map was reprojected to Albers Equal Area Conic. This projection might slightly distort shape or distance on a map, but it preserves areal integrity. The datum remained as GDA94.
Data quality
Upon ¢rst inspection of the elevational data, it became apparent that digital artifacts plagued the Lake Eyre playa surface in the DEM. The £ight lines for aerial radar altimetry were evident in the DEM which is a function of poor interpolation of the source data. The total area a¡ected by these errors was relatively small and was considered repairable.
Repairing the DEM involved erasing the entire playa surface from a small subscene of the DEM and adding 50-cm contour lines for interpolation. The contours were based on bathymetric surveying data from the 1974 £ood (Bye et al., 1978) . Their map was digitized and manually warped to match the Albers projection of the DEM so that the lakes aligned when one image was overlaid on the other. The contours were then traced onto the digital elevation model.
Topogrid, a hydrographically-sound interpolation scheme developed at the Australian National University, was used to complete the repairs of the DEM. The interpolation produced a playa surface on which water could £ow and strongly resembled the known shape and bathymetry of Lake Eyre. Without having performed the correction, any area or volume calculations performed on various lake levels would have sustained large errors. The repaired playa-surface subscene of the DEM was overlaid onto the rest of the DEM using a cover operation. Afterwards, an error analysis on the DEM was conducted with independent elevation data (see Section 3.3 for details).
Filling the lake
There are many ways to virtually ¢ll a lake using GIS. Our approach was to ¢ll only those basins which are directly connected by a channel or a spillover. Starting from the lowest areas of Lake Eyre, in Madigan Gulf, a spread command was used to recode the elevation values to an arbitrary lake value in all directions uphill until the desired elevation was reached. A separate map was produced for each meter of lake level rise. The same process was conducted for the FromeĜ regory system where the lowest portions of Lake Blanche served as the starting point for the lake ¢lling. The maximum lake level was set to +20 m AHD because this is roughly the level of the highest shoreline, seen only around the Frome^Gregory system. The area of each lake level was simply determined by reformatting the digital map legend to re£ect km 2 instead of number of grid cells. The depth of each grid cell in a given lake level map was calculated by subtracting the DEM from the lake level value (from 315 m to +20 m AHD). Then the volume of each grid cell was calculated by multiplying the depth of each grid cell (in km) per lake level by 0.0625 km 2 , the area of each grid cell, which yielded the volume of water (km 3 ) in each cell. Grid cells within the lake boundary were summed to obtain total lake volume.
Lake Eyre catchment area
An area estimate of the Lake Eyre catchment was also produced using GIS. An all-Australia DEM (from the Global Map Data Australia 1M 2001 dataset with 30 second resolution (courtesy Geoscience Australia) was projected to Albers Equal Area Conic (870 m resolution), with all sinks up to 24 m depth ¢lled. This 'z limit' of 24 m was determined by experimentation with other 'z limits' ranging from 0 to 30 m. 'Z limits' less than 24 m produced catchments riddled with holes. Any 'z limit' greater than 24 m produced abnormally small catchments. Both Lake Eyre and Lake Frome were used as pour points, or starting points, in the watershed command. The output then had two catchments, one for Lake Eyre and one for the Frome^Gregory system. Comparing a stream coverage to the catchment grid provided a visual check of the catchment divide. The divide appeared to have been appropriately located through its entirety.
Results and discussion
3.1. Lake Eyre catchment Magee et al. (1995) estimated the area of the Lake Eyre catchment as 1.3U10 6 km 2 (see Fig. 1 ). This value includes the Frome^Gregory catchment, which is reasonable since the two systems were joined 125 ka. Nanson et al. (1998) estimated the area of the Lake Eyre catchment, excluding the Frome^Gregory catchment, as 1.14U10 6 km 2 . For the whole of the Lake Eyre catchment, a smaller area of 1.215 U10 6 km 2 was generated by the GIS. The GIS also indicated that a smaller area contributed to the Lake Eyre catchment when the Frome^Gregory catchment was excluded : 1.089U10 6 km 2 . The lowest elevation along the drainage divide was +92 m AHD between Lake Eyre South and Lake Torrens. There is no reported ¢eld evidence that Lake Eyre has ever over£owed this divide.
Incremental lake ¢lling
Area and volume were calculated for lake levels ranging from 315 m to +20 m AHD. The lower end of the elevation range was the lowest elevation in Australia. The decision to make 20 m the highest elevation used in this model was based on stratigraphic studies in the ¢eld that have located a paleo-shoreline at about +18 m to +20 m in the Frome basin (Nanson et al., 1998) . This shoreline Fig. 2 . Graphs showing the incremental area change and cumulative area change (a) and the incremental and cumulative change in volume (b) as Lake Eyre is virtually ¢lled meter by meter. Points higher than +10 m AHD are present only to display the upward trend of the data. Notice the minimal volume increase when Lake Eyre South begins to ¢ll. This is due to the £atness of the lake bottom. At 39 m AHD, the lake bottom steepens and the volume increases signi¢cantly.
has not been well dated or accurately leveled. It has been suggested that Lake Eyre and Lake Frome exchanged water in the past (Nanson, pers. commun.) . To do so, the Frome^Gregory system must have been at or near +20 m AHD. Using the GIS, we found that water would £ow through the Warrawoocara Channel to Lake Eyre above +18 m AHD. This was several meters higher than the spot height, +13 to +15 m AHD, presented by Nanson et al. (1998) . However, a shoreline could be expected to exist at about +18 m AHD since over£ow would hold this level constant, whenever in£ow exceeded evaporation.
This was consistent with a shoreline elevation noted around Lake Frome (Nanson et al., 1998) . By inspecting the incremental area plot of Lake Eyre, certain lake levels showed signi¢cance by their peaks in area (Fig. 2) . These spikes occurred just after an elevational threshold had been breached. A similar graph constructed for the Frome^Gregory system (Fig. 3) can be used as a predictive tool for ¢nding shorelines in the ¢eld.
Model limitations
Uncertainty exists within this simple model of Fig. 3 . Graphs showing the incremental area change and cumulative area change (a) and the incremental and cumulative change in volume (b) as the Frome^Gregory system is virtually ¢lled meter by meter. Peaks in area and volume occur where basin-to-basin thresholds are breached. Points higher than +18 m AHD are present only to display the upward trend of the data; they do not portray a realistic area or volume value. the levels of Lake Eyre. To accurately quantify the area and volume of Lake Eyre in the past, requires knowledge of the location, area, elevation and age of transverse and longitudinal dunes of the paleo-landscape. Substantial de£ation of lake£oors and transverse and longitudinal dune building episodes on the downwind eastern and northern margins have occurred since the high-lake stands of 310 m, 33 m, +5 m and +10 m AHD (Magee and Miller, 1998) . For dunes which preceded the high-lake phases, the degree to which dune swales ¢lled and whether or not these swales were directly connected to the primary lake would a¡ect the uncertainty in this model's area and volume calculations. Unfortunately, there is no simple way to account for these types of environmental change. Today, the shorelines to the north and east are controlled by vegetated, immobile dunes. We expect the case would have been similar 125 000 years ago.
However, digital errors and the uncertainty that they generate in spatial statistics can be calculated. More than 470 spot elevations taken from water infrastructure points (i.e. wells, pipelines, tanks, etc.) were subtracted from the digital elevations (Fig. 4 ). An absolute median error of 3 m was calculated. Much of this error occurs in regions with higher relief, which is well above the highest lake level of +10 m AHD (Stage 5e). Therefore, the 106 spot elevations below 10 m AHD were used to calculate a more realistic error for paleo-lake reconstructions. These data produce a median absolute di¡erence of 2 m. Considering that the horizontal grid cell resolution of the DEM is 250 m, a vertical error of 2 m based on spot elevations not only attests to the lack of relief in the area, but also suggests that the DEM was highly accurate.
The 1974^1975 £ood has been intensively studied and should serve as the ideal calibration of the GIS area and volume estimates. However, there is a relatively large discrepancy between the GIS model and the volume estimates of Kotwicki (1986) (refer to Table 1) generated by hydrologic gauges. The GIS would not have included the volume of disconnected basins in its estimate, but this alone does not fully account for the difference. However, the GIS does agree with the model estimate of Kotwicki and Allan (1998) . They suggest that the lake should contain 48 km 3 at a level of about 37 m to 36 m AHD. Indeed, the GIS volume estimates range from 46 to 53 km 3 at those elevations.
Paleo-lake ¢llings
Using the 2-m median absolute di¡erence value, area and volume deviations were calculated. Fillings of Lake Eyre as detected in the geologic record were entered into the GIS model (Table 1) . At 40 ka, Lake Eyre was ¢lled to 310 m AHD (5 m depth) (Magee, 1997) . At this elevation, 20 km 3 of water was held in the lake and it covered 6740 km 2 (Fig. 5a) . A shoreline dating to 65 ka is noted Kotwicki (1986) and Kotwicki and Allan (1998) .
b Also shown are the paleo-lake area and volume values and their associated errors. The Stage 5e Lake Eyre displayed. This is the ¢rst coherent image of the lake as it would have looked at its peak highstand, roughly 125 ka. Lake Eyre ¢lled to +10 m AHD and the Frome^Gregory system rose to +18 m AHD. Together they covered s 34 000 km 2 and held s 430 km 3 of water.
at about 33.5 m AHD (11.5 m depth). This lake level would have contained 74 km 3 of water and covered 9920 km 2 (Fig. 5b) . During the end of Stage 5 (V80 ka), the lake was large at +5 m AHD (20 m depth). It covered an area of 19 590 km 2 and had a volume of 216 (refer to Fig. 5c ). It is estimated that 125 000 years ago, when Lake Eyre rose to +10 m AHD (25 m depth) and the Frome^Gregory system rose to +18 m AHD (29 m depth at Lake Blanche), they combined to cover 34 250 km 2 and contained 430 km 3 of water (Fig. 5d) .
Terminal lakes will develop shorelines whenever the hydrological balance, between in£ow and evaporation loss, results in a signi¢cant stillstand. Because a large change in area would also signi¢-cantly alter evaporation, a rising or falling lake may have a prolonged stillstands, and consequently develop shorelines, at major elevational thresholds or sills. However, when hydrological budgets are strongly positive or negative prolonged stillstands might not occur at elevational thresholds and shorelines not be developed. Thus elevational thresholds can be used as predictors of where shorelines might, but not necessarily, occur. Accordingly, the thresholds calculated by the GIS only partially correlate with the paleo-shorelines documented from ¢eld investigations. According to the incremental area graph of Lake Eyre (Fig.  2a,b) , shorelines could be expected around 313 m, 310 m, 34 m, 31 m AHD but only two shorelines noted in the ¢eld are located at nearly the same elevations : 310 m and 33.5 m. The older shorelines, +5 m and +10 m (Magee et al., 1995) , do not occur near peaks in the area of the GIS analysis and these shoreline features presumably relate only to the hydrologic balance between in£ow and evaporation, rather than elevational thresholds. In the Frome^Gregory system, a shoreline has been described at about +18 m AHD (Nanson et al., 1998) . The GIS detects a shoreline at +18 m AHD. Above this level, the Frome^Gregory system breaches a threshold (Fig. 3a,b) , the Warrawoocara Channel, and begins draining into the Cooper Creek near the Kopperamanna £oodout (Nanson et al., 1998) .
The presence of shoreline deposits at this elevation around Lake Frome (Nanson et al., 1998) and the coincidence that the GIS detects a spillover above this level, suggests that there is some geologic control at this elevation. Otherwise, the stratigraphy in the region would re£ect erosion, not a depositional shoreline feature. The possibility exists that a bedrock sill controls the over£ow level of the Warrawoocara Channel between Lake Gregory and the Cooper Creek. Though the +10-m AHD contour probably extends well up the modern Cooper Creek valley towards the Kopperamanna £oodout area (Nanson et al., 1998) , there is no shoreline evidence that Lake Eyre has ever ¢lled to the level of the over£ow (+18 m AHD). However, the Frome^Gregory system has a shoreline at that elevation and would have over£owed the bedrock sill into the Warrawoocara Channel whenever the level was exceeded. Therefore, water over£owed in one direction, from south to north. Historical observations document that during high £ow, Cooper Creek at Innamincka spills into the Strzelecki Creek and on to Lake Blanche. According to the GIS, Blanche begins spilling into Lake Callabonna at 0 m AHD. With the addition of more water, these two lakes grow at a steady rate until +13 m AHD when water spills into Lake Gregory and Lake Frome. By the time the Frome^Gregory system over£ows via the Warrawoocara Channel, the Frome^Gregory system contains more than 100 km 3 of water and covers about 9000 km 2 . The very high lake level of Stage 5e is perhaps the most recent time that the Frome^Gregory system was connected to Lake Eyre and preliminary luminescence dating from the channel sediments con¢rms Stage 5 deposition in the channel (Nanson, pers. commun.). And the only shorelines discovered around Lakes Gregory, Blanche, Callabonna and Frome, other than the deposit at +18 m AHD, are close to playa level at 2^5 m AHD and are believed to be Holocene (Nanson et al., 1998) . These low-level ¢llings probably resulted from either minor enhancement of the monsoon in the early Holocene or from extreme £ood events of the modern ephemeral system, as demonstrated at Lake Eyre (Dulhunty, 1975; Gillespie et al., 1991; Magee and Miller, 1998) . En-hanced runo¡ in the local Flinders Ranges catchments may also have contributed to these minor Holocene £oodings.
Conclusions
The Lake Eyre and the Frome^Gregory system were de¢ned using DEMs and ¢lled virtually using GIS. The growing lakes were only allowed to ¢ll basins which were directly connected by rivers or spillovers. Lake level area re£ects basin-to-basin thresholds. These elevational thresholds might, but do not necessarily, occur at the same level as shorelines discovered in the ¢eld. For Lake Eyre, two shorelines are detected in the GIS analysis. The 33.5-m AHD shoreline occurs just before a major increase in area. The same is true for the 40-ka level of 310 m AHD. The older shorelines found at +5 m and +10 m AHD were probably formed during a stillstand not related to topography, but rather related to in£ow vs. evaporation. The Frome^Gregory system exhibits a shoreline at +18 m, just below the level at which the Warrawoocara Channel begins to £ow to the north into Cooper Creek and on to Lake Eyre.
As was suggested by Tedford et al. (1986) , the Lake Eyre playa appears to have been migrating to the southwest during the Quaternary as is evident in the well-de¢ned western and southern shorelines. By contrast, the northeastern shoreline is dissected and shows evidence of a migrating Diamantina River ¢nding its path through the dune troughs as the playa migrates farther from the river's mouth. Cooper Creek appears to have been stable, con¢ned both by the northern reaches of the Flinders Ranges and the higher elevations of the Sturt Stony Desert.
During wetter times, the Cooper Creek tops its banks at Innamincka and over£ows into the Strzelecki Creek. Lake Blanche, the deepest of the lakes, receives water ¢rst from the Strzelecki Creek. During the Stage 5e highstand, Lake Blanche would have been about 4 m deeper than Lake Eyre. Only a low threshold separated Lakes Blanche and Callabonna. It is likely that modest £oods ¢lled the two lakes. They would also have been the last remaining water holes in the catchment as the system dried at the end of a wet interval. This is consistent with the Stage 5a megafaunal remains found in Lake Callabonna (Roberts et al., 2001) . Our model suggests that there is a strong likelihood that megafaunal remains of this age would also be found at Lake Blanche, but not at Lakes Gregory or Frome.
Geographic information systems are a powerful means of presenting and analyzing spatial data. This tool has allowed us to generate the ¢rst area and volume estimates for late Quaternary Lake Eyre highstands. Quanti¢cation of catchment response parameters in the future will allow quantitative estimates of paleoclimate and paleomonsoon precipitation when combined with the results of this study. The maps of the paleo-highstands of Lake Eyre presented in this paper are the ¢rst coherent images of the lake as it would have looked on the landscape.
